INTRODUCTION
The genome of the budding yeast, Saccharomyces cerevisiae, consists of sixteen chromosomes of varying sizes with their cumulative lengths amounting to approximately 14 Mb (10 6 bp) (1, 2) . Of the sixteen chromosomes, chromosome I is the smallest with the size of about 250 kb (10 3 bp), while chromosome XII is the largest, being as large as about 2 Mb. The sizes of the remaining fourteen chromosomes are distributed between the two. This characteristic feature of the S.cerevisiae genome is in a sharp contrast to that of a related fungus, Schizosaccharomyces pombe, which contains only three chromosomes of 5.7, 4.6-4.7, and 3.5 Mb in length (3) . Chromosome III of S.cerevisiae has been most extensively investigated to date and its entire nucleotide sequence was recently determined (4) . Several reasons are conceivable as to why this chromosome was chosen for such extensive analyses. First, it is the third smallest chromosome in 5. cerevisiae the size of which varies from one strain to another and has been estimated to be, for exam pie, 370 kb for strain AB972 (2) and 340 kb for strain DC5 e° (5) . Second, three genetic loci that reside on this chromosome are involved in the mating type control of 5. cerevisiae, i.e. HML, MAT and HMR. Third, by making use of homologous recombination between HML and MA T, a small ring derivative of chromosome IE was constructed, and plasmid clones containing DNA segments originated from it were isolated (6, 7) . Using these clones, autonomous replicating sequences (ARS) in about 60% of chromosome m were identified, and their relative activities and timings of replication were investigated (8, 9) . Fourth, there are several well-characterized genes on chromosome HI such as LEU2, H1S4, and PGK1, as well as Ty transposon hot spots, termed RAHS and LAHS (10) , that are most likely responsible for the length polymorphism of this chromosome in different yeast strains.
To analyze the structural and functional characteristics of the S.cerevisiae genome, we have constructed physical maps and ordered clone banks for five of its sixteen chromosomes, namely chromosomes I (11), m (5), VI (12) , and V and Vffl (13) . By using the chromosome HI bank, Yoshikawa and Isono (5) identified and located 156 protein-encoding genes that were expressed in vegetatively growing cells. The 315 kb-long DNA sequence data for this chromosome (4) showed the existence of 215 putative ORFs (including completely overlapping 33 ORFs named with YCLX and YCRX prefixes) capable of encoding proteins longer than 100 amino acid residues. As a first step of examining whether these ORFs are actual genes, and, if so, what their functions might be, we tried to correlate the 155 observed transcripts (one of the original 156 transcripts reported in ref.
5 was omitted for the reasons described below) and the sequenced ORFs.
MATERIALS AND METHODS
The experimentally constructed physical map and the locations of observed transcripts were taken from Yoshikawa and Isono (5) . A restriction map was constructed by using a computer program 'make-map' (Isono.K. unpublished) from the nucleotide sequence data for eight six-base recognizing restriction endonucleases, i.e. BamYO., BgO., Ecdftl, HindJR, Kpril, Pstl, PvuH and Xhol, that were used by Yoshikawa and Isono (5) . Their cleavage sites are expressed as B, G, E, H, K, P, V and X, respectively. The positions of sequenced ORFs were taken from the feature table of the sequence SCCHRHI (accession no. X59720) of the EMBL database, release 31.0.
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RESULTS AND DISCUSSION

Examination of the experimentally constructed restriction map
To correlate the experimentally observed transcripts and the sequenced ORFs, the physical map of chromosome DI produced experimentally (5) and the one constructed from the nucleotide sequence data (4) were first compared with each other. Except for the five regions described below, the two maps match each other generally very well as illustrated in Figure 1 , although minor differences between them were noted, especially when two or more cleavage sites for one and the same enzyme existed close to each other. For example, the single cleavage sites shown in the experimental map (upper) for H (at 18 kb), V (at 39 kb), H (at 48 kb), K (at 50 kb), and for E (at 54 kb), respectively, should most likely be doubled as the sequence map (lower) suggest. Conversely, one of the two G sites at 23 kb as well as the H site at 37 kb on the experimental map does not exist on the sequence map.
Regions showing rather large discrepancies between the two maps have been noticed at the left most end, at the region preceding HML, at the left-and right-arm transposon hot spots (LAHS and RAHS), and at a locus 8 kb left of the CRY1 gene. Of these, the left most end (5' end) of the sequence data contains a 3.4 kb-long region that is not contained in the ordered clone bank of Yoshikawa and Isono (5) and, therefore, the discrepancy between the two maps is obvious. A second difference exists in a region spanning for about 1.1 kb that is situated to the left of the HML locus (data not shown). Whether this reflects a strainspecific difference between strain A364A that was used for nucleotide sequencing of this region of chromosome HI and in strain DC5e° that was used for the ordered clone bank construction is not known. At the LAHS region (81 -96 kb in the experimental map), the ordered clone bank contains at least two Ty elements in tandem as well as a small region that was not incorporated into the ordered clone bank for unknown reasons. In contrast, the nucleotide sequence data suggest the presence of only one Ty element and an ORF termed YCL21w in the corresponding region. Similarly, at the RAHS region (154-166 kb in the experimental map), the ordered clone bank contains two Ty elements in tandem, but there is no Ty element in the corresponding region of the sequence data at which an ORF termed YCR18c has been found. It is interesting to note in this connection that this region was found by Wannington et al. (10) to be polymorphic among three strains examined: strain GRF88 contained two slightly different Ty elements, and strain CF4-16B contained a hybrid Ty element, which was most probably resulted from a recombination between the two, while there was no Ty element in the corresponding region of strain CN31c. The last strain was the one used for the nucleotide sequence analysis by Oliver et al. (4) . Strain DC5g ° which was used for the construction of ordered clone bank, therefore, resembles the first strain analyzed by these authors. Finally, there is one Ty element in the experimental physical map (184-190 kb) at a site corresponding to that between ORFs YCR27c and YCR28c of the sequence data. We noticed that there is a 5 sequence immediately to the right of ORF YCR27c in the nucleotide sequence data. Since there is a cleavage site for Xhol (X) within the 5 sequence and since there is an X site to the left of the Ty sequence in the experimental map, it is likely that also strain DC5g ° contains a 8 sequence at this position. A 8 sequence is present at each end of a Ty element. Therefore, it is likely either that a Ty element was inserted at this position of chromosome IH of strain DC5g°, or conversely, that a Ty element that had been present on chromosome m of strain XJ24-24a which was used for nucleotide sequence determination of this region was eliminated as a result of homologous recombination between the above-mentioned 8 sequence and the one present at the farther end of the putative Ty element, leaving one 8 sequence there. 
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YCL6**- Apart from the five regions of large discrepancy mentioned above, 13 (3.2%) out of the 406 restriction enzyme cleavage sites mapped experimentally (5) were not found in the map constructed from the sequence data. Conversely, 18 (4.0%) out of the 451 sites deduced from the sequence data were not found in the experimental map. Some of these differences might possibly reflect strain-specific differences. In addition, two or three consecutive sites for one and the same enzyme exist in the sequence data at 38 loci which apparently could not be resolved experimentally (five such examples are given in Figure 1 as described above). Taken together, the experimental map appears to be quite accurate and the two maps correspond to each other very well. Therefore, we concluded that no serious problems should be encountered in establishing the correspondence between the observed transcripts and the sequenced ORFs.
Correlation between transcripts and ORFs
Based on the correspondence between the restriction enzyme cleavage sites in the two maps described above, we have correlated the observed transcripts and ORFs in the following manner. First of all we have to take into consideration the fact that the location of each transcript was not determined exactly: instead, it was assigned to a region of the experimental physical map by examining the restriction map, the results of a series of Northern hybridization experiments, the sizes and positions of hybridization probes used, and the size of each transcript ( Figure  1 ). To correlate a transcript and an ORF, therefore, we set criteria by considering these points, as well as the lower limit of detection by hybridization, the 'abundance level' (see ref. 5) of each transcript, and the extent of overlap between an ORF and a candidate transcripts). For example, ORF YCL51w existed within the region in which transcript # 22 was located, but not in the regions assigned to transcripts #21 and #23 (Figure 1) . Thus, YCL51 w was able to be uniquely correlated with transcript #22. However, neither YCL38c nor YCL36w could be correlated widi any of the observed transcripts in this way, since both of the candidate transcripts, #31 and #32, are out of range for the two ORFs. On the other hand, ORF YCL37c that is flanked by the above-mentioned two ORFs is correlated with the two transcripts.
In this way, we compared all 155 transcripts described by Yoshikawa and Isono (we omitted transcript # 149 from our comparison, since it appears to be identical to one of the MAT transcripts, #92) and attempted to correlate them with the sequenced ORFs. Consequently, 89 ORFs were uniquely correlated with corresponding transcripts, and 101 ORFs were correlated to more than one transcript in each case. The results are summarized in Table 1 .
We considered the correlation of a transcript and an ORF positive when the ORF in question could be located entirely within the region in which the candidate transcript had been mapped and when the ORF is not larger than the transcript. However, several cases were encountered when a portion of ORF did not overlap with the region in which the candidate transcript had been mapped. By carefully analyzing these cases we slightly modified our criteria for correlation and positively correlated a transcript and an ORF, if the length of that portion was less than 200 bp and the abundance level of the transcript was less than 4. In these cases, we added a'?' mark in front of such correlated transcripts) as listed in Table 1 . An example of this kind is the case for ORF YCL47c and transcript #25.
It is known that homologous sequences exist at the HML, MA T and HMR loci. Transcripts #9 (0.80 kb) and # 10 (0.65 kb) at the HML locus and transcripts # 149 (0.78 kb), # 150 (0.63 kb) and # 151 (0.43 kb) that were detected when a MAT probe was used are not included in Table 1 , because there is no way to distinguish between them and MAT transcripts # 92 (0.78 kb), # 93 (0.62 kb) and # 94 (0.43 kb). Consequently, ORFs YCL67c and YCL66w at the HML locus and ORFs YCR96c and YCR97w at the HMR locus are excluded from Table 1 . For ORFs YCL76w, YCL75w, YCL21w and YCR18c, no transcripts could be assigned, because the chromosomal segments in which these ORFs are located are not included in the ordered clone bank as described earlier. They are indicated in Table 1 with ' -' marks. Two ORFs, YCL20w and YCL19w, are clearly derived from Ty, and, therefore, they are excluded from Table 1 . As a result, 209 sequenced ORFs encoding proteins harboring more than 100 amino acid residues (of them, 71 were named YCL, 105 YCR, 12 YCLX, and 21 YCRX) were compared with 155 transcripts detected experimentally. There were 20 ORFs with which no transcript could be correlated. Conversely, there were 14 transcripts with which no ORF could be correlated. Furthermore, in many cases more than one transcript were degenerately correlated with one ORF. As mentioned above, transcripts longer than the corresponding ORFs were usually positively correlated. Exceptions are the cases of ORF YCR32w (6.504 kb) and transcript #86 (6.50 kb) and ORF YCR93w (6.327 kb) and transcript # 143 (6.00 kb). This is because the experimental size estimation for transcripts of 6.0-6.5 kb in length such as transcripts # 86 and # 143 could not be considered to be so accurate in 1 % agarose gels used by Yoshikawa and Isono (5).
Oliver et al. (4) correlated twenty sequenced ORFs to known genes. We were able to correlate all of them except for the ORFs corresponding to PDI1, BIK1, and FUS1 with experimentally observed transcripts, although about half of them were assigned to more than one transcript. Previously, Yoshikawa and Isono (5) correlated four known genes with experimentally observed transcripts (they are all included in the above-mentioned ORFs). In addition, they assigned the product of the gene CDC10 to transcript # 60 and quoted an experimental result of A. Toh'e (unpublished) which suggested that either transcript # 74 or # 75 should be correlated with the gene PET18. Although the nucleotide sequence data for CDC10 are not yet available, the restriction map data of the region containing this gene (14, 15) matches well with a region of the experimental map containing transcript #60, which in turn is very likely to suggest that CDC10 should correspond to either ORF YCR2c or YCR3w as indicated in Table 1 .
During the course of this work, we noticed that the names and lengths of two pairs of ORFs, namely YCLX8c (579 bp) and YCL26c (360 bp), and YCRX13w (948 bp) and YCR74c (321 bp), are mis-assigned. In each case, the former ORF is longer than the latter and the latter completely overlaps with the former. Therefore, the two former ORFs should replace the latter ORFs.
Problems and future perspectives
Although we have correlated in this work ORFs shorter than 400 bp as shown in Table 1 , the lower size limit for an ORF of 300 bp (i.e. ORFs capable of encoding a protein containing 100 amino acid residues) set by Oliver et al. (4) seems obviously too low for the type of comparison described here. It is likely that many of small transcripts escaped from the experimental detection of Yoshikawa and Isono (5), since 1% agarose gels were used in their Northern hybridization experiments. In fact, the smallest transcripts detected were 0.35 kb in length (transcripts # 54 and # 123). The smallest gene currently known in S.cerevisiae is PMP1 which encodes a plasma membrane proteolipid and is only 123 op long (16) . There are 13 S.cerevisiae genes in the GenBank database (release 73.0) whose coding regions are shorter than 300 bp, while there are 52 sequenced ORFs on chromosome HI (including YCLX/YCRX ORFs) that are shorter man 400 bp in length (see Table 1 ). It could be that the correlation of small ORFs to the transcripts listed in Table 1 should in most cases be considered tentative. Additional Northern hybridization experiments using gels more suitable for the separation of smaller transcripts are necessary to establish whether such small ORFs are actually expressed or not. In Table 1 , there are many cases in which more than one transcript is correlated wim one ORF. Some of such correlations might be true, because it is known that several mRNAs are transcribed from one and the same gene. Genes HTS1 (17) , SUC2 (18) , and MRE4 (19) are a few such examples. The gene HTS1 encodes histidyl-tRNA synthetase, from which two mRNA species harboring different lengths are transcribed: the longer mRNA encodes a mitochondrial enzyme and the shorter one a cytoplasmic enzyme. Such is also the case for the gene SUC2. The gene MRE4 encodes a protein kinase homologue and its coding sequence is 1,494 bp long, from which four mRNAs of 6.2, 4.0, 3.2 and 1.8 (1.63) kb in length with different 3' ends are transcribed during meiosis (19) .
The transcripts correlated in this paper were identified by Yoshikawa and Isono (5) in cells growing vegetatively in rich medium. It might be, therefore, that the ORFs that were not correlated with any transcripts are expressed in cells under different growth conditions, such as after heat-shock, at stationary phase of growth, at different stages of cell cycle, in sporulation, in germination, after glucose-repression, in a medium with a nonfermentable carbon source, after amino acid starvation, and so on. In fact, several transcripts were newly identified in cells at stationary phase or after heat-shock when chromosomal DNA segments prepared from the ordered clone bank for chromosome VI were used as probes in systematic Northern hybridization experiments. In addition, some of the transcripts were found to be expressed differently at different cell cycle stages or under different growth conditions (Y.Masuda, M.Amano and K.Isono, unpublished results). However, no such new transcripts were identified when probes prepared from chromosome IE were used in a similar experiment. It remains to be investigated further whether any new transcripts could be detected in cells under other growth conditions or not.
In this paper, we have correlated almost all sequenced ORFs with the experimentally detected transcripts reported by Yoshikawa and Isono (5) . The data thus provide information for further analysis of the possible function of each ORF of chromosome III of S. cerevisiae.
